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Abstract
A directed graph is k-arc transitive if it has an automorphism group which acts transitively
on the set of k-arcs. Several techniques have been proposed in the literature to construct k-arc
transitive digraphs for each positive integer k and each degree r of regularity. Following previous
work by the authors, we study the full automorphism group of k-arc transitive digraphs and we
give its structure for digraphs of degree 2. We describe the k-transitive coverings of complete
digraphs which can be obtained by the construction technique introduced by the authors in previ-
ous work. Finally, we provide examples of k-arc transitive digraphs which are non-homomorphic
to a cycle.
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1. Introduction
For a positive integer k, a k-arc of a digraph =(V; A) is a sequence (x0; : : : ; xk) of
k+1 vertices of  such that, for each 06 i¡ k; (xi; xi+1) is an arc of the digraph. A di-
graph  is k-arc transitive (k-arc regular) if it has an automorphism group G¡Aut
which acts transitively (regularly) on k-arcs. If  is k but not (k + 1)-arc transitive
(resp. (k + 1)-arc regular) we say that  is exactly k-arc transitive (resp. exactly
k-arc regular).
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The corresponding notion for undirected graphs led to remarkable results. A well-
known result by Tutte [17] states that Gnite cubic graphs cannot be k-arc transitive
for k ¿ 5. Weiss [18] proved several years later that the only Gnite connected k-arc
transitive graphs with k¿ 8 are the cycles.
The situation is diHerent in the directed case. Praeger [14] gave inGnite families
of k-arc transitive digraphs for each positive integer k and each out-degree r, and
new constructions were given by Conder et al. [5]. Recently, Cameron et al. [3] gave
constructions of inGnite highly-transitive digraphs, digraphs which are k-arc transitive
for every positive integer k.
The explicit constructions of k-arc transitive digraphs given in the above mentioned
references are group theoretically oriented: the digraph is constructed from its given
automorphism group. In [13] we introduced a graphical technique to construct k-arc
transitive digraphs. Given a regular digraph we use it to construct k-arc transitive
digraphs for each positive integer k. The digraphs thus obtained turn out to be covering
digraphs of the base digraph used as a starting point. The main result was stated in
the following way:
Theorem 1 (Mansilla and Serra [13]). Let  be a regular digraph. For each positive
integer k there is a cover k of  which is a k-arc transitive digraph.
The above statement is a generalization of the results by Babai [1], which correspond
to the cases k = 0; 1 of the theorem.
In this paper we give a closer view of some of the k-arc transitive digraphs which
can be constructed by the technique introduced in [13]. In particular we compute the
automorphism groups and study standard graph properties, as the diameter, the girth or
the existence of homomorphisms onto cycles of these digraphs, and give the maximum
value of k for which they are k-arc transitive. This can be explicitly worked out for
digraphs of low degree. After providing some general results on the structure of the
automorphism group and the suitability of the application of our technique in Sections
3 and 4, we present all k-arc transitive digraphs which can be obtained in this way
which are at least 2-arc transitive covers of the complete symmetric digraphs with
loops K+2 and without loops K3. We also analyze a family of k-arc transitive covers
of the complete symmetric digraph Kr+1, when r + 1 is a prime number in Section
5. Finally, we discuss the existence of k-arc transitive digraphs non-homomorphic to
cycles in Section 6.
2. Basic terminology
We are only concerned with Gnite (strongly) connected directed graphs, or digraphs
for short. We allow loops but no multiple arcs. Terms used but not deGned here can
be found for instance in [4]. A digraph is regular of degree r or r-regular when each
vertex is adjacent to and from exactly r vertices. For a positive integer k and a vertex
x∈V , k(x) denotes the set of vertices y∈V for which there is a directed walk of
length exactly k from x to y.
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Note that a Gnite connected k-arc transitive digraph with k¿ 0 must be a regular
digraph. Directed cycles are k-arc transitive for every positive integer k. Therefore we
always consider regular digraphs of degree r ¿ 1.
By the KLonig–Hall theorem, an r-regular digraph =(V; A) is the sum of permutation
digraphs F = {F1; : : : ; Fr} corresponding to a set {f1; : : : ; fr} of permutations. We call
such a set F a 1-factorization, or just a factorization, of . That is, a factorization
is a set of 1-regular spanning subdigraphs of  whose sets of arcs partition A. Each
Fi is a disjoint union of directed cycles, and we interpret fi as the corresponding
permutation of the vertex set V whose disjoint cycle decomposition is Fi, 16 i6 r.
We still denote by F = {f1; : : : ; fr} the set of these permutations. We denote by
G(; F) the permutation group on V generated by the permutations in F and refer to
it as the permutation group of the factorization F . We use the exponential notation for
the action of permutations. Therefore, the composition of permutations is read from
left to right: xgh = (xg)h.
Let 1=(V1; A1) and 2=(V2; A2) be two regular digraphs. A digraph homomorphism
from 1 to 2 is a map  :V1 → V2 which sends arcs to arcs, that is, (x; y)∈A1
implies ((x); (y))∈A2. A digraph is a generalized m-cycle if it is homomorphic to
the directed cycle of order m.
The digraph 1 is a cover of 2, with covering map , if there is a positive in-
teger h such that  is a h-to-one surjective digraph homomorphism of 1 onto 2,
and  is a local isomorphism, that is, for each vertex y∈V1 the sets +1 (y) and
+2 ((y)) of neighbors of y and (y) in 1 and 2, respectively have the same
size. The digraph 1 is often called an h-fold cover of 2 and  the covering pro-
jection. We write 1  2, or 1

2 when the reference to  is to be made
explicit.
Let G be a Gnite group and S ⊂ G. The Cayley digraph of G deGned by S,
Cay(G; S), has the elements of G as vertices and there is an arc (x; xs) for each x∈G
and each s∈ S. When F is a factorization of a connected digraph  and G=G(; F),
we say that Cay(G; F) is a Cayley cover of  and write Cay(G; F) = OF (or simply
O if the reference to F is clear from the context). The digraph O is indeed a covering
digraph of .
Recall that the line digraph L=(VL; AL) of =(V; A) has the arcs of  as vertices
and ((x1; x2); (y1; y2)) is an arc in L whenever x2 =y1. If  is a regular digraph, then
the map  : Aut → Aut L deGned as
(x; y)(g) = (xg; yg); (x; y)∈A
for each g∈Aut, is a group isomorphism, see for instance [11]. We identify (g)∈
Aut L with g∈Aut. With this identiGcation, we can write Aut L =Aut.
For k¿ 2, the k-line digraph of G is deGned recursively by Lk=L(Lk−1). Thus,
the vertices of Lk can be thought of as k-arcs in . By the above remark, we have
Aut Lk=Aut. Therefore, a Gnite connected digraph  is k-arc transitive if and only
if its k-iterated line digraph is vertex transitive.
If  is a connected regular digraph with degree r¿ 2 then its k-line digraph is
also regular of degree r, has order rk |V ()|, is hamiltonian, has the same girth as ,
diameter D(Lk) = D() + k and its connectivity satisGes (Lk)¿ () (see [11]).
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This properties are on the basis of the use of the line digraph technique to obtain
inGnite families of digraphs with nice properties.
3. Normality of Cayley covers
Let  = Cay(G; S) be a Cayley digraph of a group G deGned by S, and let
(AutG)S = {∈AutG|S = S}:
The action of G on itself by left translations is clearly a subgroup of automorphisms
of . It can be easily checked that the semidirect product Go (AutG)S acting on G
as g(h;) = hg is also a subgroup of Aut. The digraph  is said to be normal when
Aut=Go (AutG)S . So, normal Cayley digraphs are those which have the smallest
possible full automorphism group. Xu [19] proved that the Cayley digraph  is normal
if and only if G is a normal subgroup of Aut.
Note that in a digraph  of degree r¿ 2 and girth g, there is no automorphism
which sends a cycle of length g to an open path of the same length. Therefore 
cannot be k-arc transitive for k¿ g.
In this section we compute the full automorphism group of Cayley digraphs of degree
2. In particular, we show that exactly k-arc transitive Cayley digraphs with k6 1 are
normal. In the next section an example is given which shows that this might not be
the case for larger values of k.
Proposition 2. Let  = Cay(G; S) be a connected exactly k-arc transitive Cayley
digraph of degree 2. Then there is a subgroup H ¡Aut isomorphic to Zk2 such that
H ∩ G = {1} and Aut = HG. Moreover,  is an exactly k-arc regular digraph.
Proof. Since G acts regularly on V (), we have Aut = HG, where H = (Aut)1
denotes the stabilizer of the identity 1 of G.
Let x=(x0; x1; : : : ; xk) be a k-arc of  and let ∈Aut such that xi =xi, 06 i6 k.
Suppose that  does not Gx the elements in +(xk). Let y = (y0; y1; : : : ; yk ; yk+1)
and z = (z0; z1; : : : ; zk ; zk+1) be any two (k + 1)-arcs, and let ; ′ ∈Aut such that
x = (y0; y1; : : : ; yk) and x
′
= (z0; z1; : : : ; zk). Then, either y
−1′ = z or y
−1′ = z and
the digraph is (k + 1)-arc transitive against the assumption. Therefore,  Gxes +(xk)
pointwise. Since the digraph is connected,  Gxes all elements in V (). In particular
H acts regularly on the set of k-arcs of .
We can identify the k-arcs of  with initial point in x0 = 1 with the elements of
Zk2 in such a way that H acts on Zk2 componentwise. Therefore, H is isomorphic to
Zk2.
Corollary 3. Let  = Cay(G; S) be an exactly k-arc transitive Cayley digraph of
degree 2; k6 1. Then  is normal.
Proof. We have Go (AutG)S ¡Aut. By Proposition 2, if k = 0 then Aut = G
and  is normal. If k=1, then Aut=HG with G∩H = {1} and H ∼= Z2. Therefore,
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Fig. 1. Diagram of the construction technique.
G being a subgroup of index 2 is a normal subgroup of Aut. By the result by Xu
[19] mentioned above,  is a normal Cayley digraph.
4. Uniform factorizations
A factorization F of a regular k-line digraph = Lk0 such that the resulting Cay-
ley cover Lk0 is also a k-line digraph is said to be a k-uniform factorization. The
construction of k-arc transitive covers introduced in [13] was based on the fact that,
if Lk0 = Lk′, then ′ is k-arc transitive and it is also a covering digraph of 0 [13,
Theorem 1]. The diagram in Fig. 1 illustrates the procedure.
The following characterization of k-uniform factorizations was also given in [13,
Theorem 9]. Let  be a regular k-line digraph of degree r and F a factorization of .
For each x∈V (), let kx denote the digraph with vertex set
Vx =
k⋃
i=0
−i(k(x))× {k − i}
and there is an arc ((x; i); (y; j)) in kx whenever (x; y) is an arc of  and j = i + 1.
Moreover, the arc is colored with the permutation f∈F such that y = xf. Since 
is a k-line digraph, each of the blocks −i(k(x)) has size rk and |Vx| = (k + 1)rk .
Then, the factorization F of  is k-uniform if and only if, for each pair of vertices
x; y∈V (), there is a digraph isomorphism  : kx → ky such that (x; 0)=(y; 0) and
 preserves the colors given by F , that is, if ((z; i); (zf; i + 1)) is an arc colored f
in kx then ((z; i); (z
f; i + 1)) is also an arc colored f in ky for all (z; i)∈Vx with
i¡ k and all f∈F .
We next show that, for k6 2, all factorizations of k-line digraphs of degree 2 are
k-uniform.
Proposition 4. Let F be a factorization of a connected k-line digraph  of degree 2,
k6 2. Then, F is k-uniform.
Proof. Since  is a k-line digraph, all digraphs kx ; x∈V () are isomorphic, so what
really does matter is to Gnd isomorphisms which preserve the colors given by F in the
sense deGned above. For k = 1; 2 these digraphs with the colored arcs are depicted in
Fig. 2.
Let x; y∈V () and F = {a; b}. Since |i(x)|= |xFi |= |F |i, 06 i6 k we can deGne
(xf; i)= (yf; i) for each f∈Fi and each 06 i6 k, where F0 stands for the identity
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Fig. 2. 1x and 
2
x .
Fig. 3. 3x with two non color isomorphic factorizations.
permutation. If k = 1 there is a unique vertex in which  is not deGned and  can
be uniquely extended to a color preserving automorphism. If k = 2 then  can be de-
Gned on the four remaining vertices (xa
2b−1 ; 1); (xbab
−1
; 1); (xa
2b−1a−1 ; 0) and (xa
2b−2 ; 0)
as (ya
2b−1 ; 1); (ybab
−1
; 1); (ya
2b−1a−1 ; 0) and (ya
2b−2 ; 0), respectively. It can be easily
checked that the resulting map is a color preserving automorphism from Vx to Vy.
For k¿ 3 not all the factorizations of digraphs of degree 2 are uniform. For k = 3
each digraph 3x can be colored in two non-color preserving isomorphic ways which
are depicted in Fig. 3. If  is a 3-line digraph of degree 2 with order n¿ 8, then there
exist at least two diHerent vertices x; y such that −33(x) ∩ −33(y) = ∅. We can
color both 3x and 
3
y in non color isomorphic ways and the rest of 
3
z in any of them.
The resulting factorization will be a non k-uniform one. The result clearly extends for
k ¿ 3.
5. 2-Arc transitive covers of K+2 and K3
In [13] we give examples of the application of our technique to construct k-arc
transitive covers of the complete symmetric digraph with loops K+r which give rise
S.P. Mansilla, O. Serra /Discrete Mathematics 276 (2004) 273–285 279
Table 1
Parameters of 2-arc transitive covers of K+2 : |′| is the order of the covering digraph, k is the value for
which ′ is exactly k-arc transitive, m the integer for which ′ is homomorphic to a cycle of m vertices
(m = 0 indicates that is non-homomorphic to a cycle), g(′) and D(′) denote the girth and the diameter
of the digraph ′
G = G(1; F) |′| k m g(′) D(′) Number of
factorizations
A4 × Z2 = Z32oZ3 6 2 3 3 2 1
Z32oZ4 8 3 4 4 3 1
Z32oZ7 14 6 7 7 6 2
PGL2(7) 84 2 2 6 8 2
S8 8!/4 2 2 10 20 2
Table 2
Parameters of 2-arc transitive covers of K3
G = G(2; F) |′| k m g(′) D(′) Number of
factorizations
Z23o D(8) 18 2 2 4 5 1
Z33oA4 81 3 3 6 8 1
[Z42]F36(6)oZ2 288 2 2 8 10 3
Z62o PGL2(5) 1920 2 2 10 15 6
M (12) 23760 3 0 10 19 6
A12 12!/8 2 0 8 — 9
S12 12!/4 2 2 12 — 6
to well-known families of digraphs. Here we have computed all the 2-arc transitive
covers of K+2 and of K3 which can be obtained using our technique. By Proposition
4, all factorizations of 1 = L2K+2 and 2 = L
2K3 are 2-uniform.
There are four arc-disjoint subdigraphs induced by sets of vertices of the form
+1 (x) ∪ −11 +1 (x); x∈V (1). All factorizations of 1 can be obtained by indepen-
dently coloring the arcs of these digraphs with two colors in such a way that incident
arcs receive diHerent colors. This gives rise to eight factorizations. The results are dis-
played in Table 1, where the automorphism group, the order, the diameter, the girth
and the value of k for which the digraph is exactly k-arc transitive are shown. Table 2
shows the corresponding results for the 32 factorizations of 2. In these tables, Sn
and An denote the symmetric and alternating groups of degree n, respectively, D(n) is
the dihedral group of order n, M (12) is the Mathieu group of degree 12 and PGL2(q)
is the projective general linear group. Finally, F36(6) is isomorphic to Z23oZ4 and it
is a permutation group of degree 6 permutationally equivalent to 12 [S
2
3]oZ2 (for the
deGnitions, see for instance [7]).
The calculations have been performed by programming helpful routines with the
system GAP of computational theory of groups and GRAPE, a share package for GAP
for computing with graphs and groups (see [16] for more information). Together with
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the ATLAS of Gnite groups by Conway et al. [6], they have been extremely helpful
tools to identify the permutation group of each factorization and to compute some
automorphism groups.
Some interesting results arise. Although the digraphs obtained are 2-arc transitive,
some of them appear to be exactly k-transitive for a larger value of k. One of them, for
instance, is 6-arc transitive. All Cayley covers except one turn out to be normal Cayley
digraphs. For the factorization giving rise to the group G=Z32oZ7, by Proposition 2,
the automorphism group of the digraph is Z42G. On the other hand, |AutG|=|InnG|=2,
so this Cayley cover is not normal. The Grst three entries of Table 1 correspond to the
so-called complete generalized cycles G(2; 3), G(2; 4) and G(2; 7). In the last section
we suggest that these are somewhat trivial examples of k-arc transitive digraphs. The
other entries of Table 1 and the ones in Table 2 provide more interesting examples. The
appearance of the PGL2(7) suggested that more projective general linear groups could
appear as permutation groups of factorizations of LkK+2 . The next possible candidate
would be PGL2(31) acting on a set of 32 vertices (the value of q in PGL2(q) must be
a Mersenne prime). We have computed all the factorizations of L4K+2 and none of the
obtained groups is PGL2(31) (actually none has even the appropriate size). This fact
suggests that there may not be a connection between the structures of the permutation
groups of factorizations of LkK+2 for diHerent values of k.
6. Cayley covers of Kr+1
In [13] we also give some explicit constructions of k-arc transitive digraphs, which
are covers of the complete symmetric digraphs with (K+r ) and without loops (Kr+1).
Espona and Serra [8] are concerned with the study of some properties of the Grst
class of covers, such as the diameter, hamiltonicity, girth and the automorphism group.
Brunat et al. [2] are concerned with the Cayley character for the same class of k-arc
regular covers. In this section we proceed with a similar analysis for the k-arc regular
covers of Kr+1.
In what follows, r + 1 is a prime number and  = Kr+1 is the complete symmetric
digraph. The k-line digraph LkKr+1 is the Kautz digraph K(r; k + 1) [9]. Consider
the 1-factorization of Kr+1 given by the additive Cayley digraph Cay(Zr+1; F), where
F = Zr+1 \ {0}. Then, the product in the Geld Zr+1 induces a group operation in F .
Let F∗ = {f∗1 ; : : : ; f∗r } be the 1-factorization of K(r; k + 1) deGned as
(x0; x1; : : : ; xk)f
∗
i = (x1; x2; : : : ; xk ; xk + (x1 − x0)i):
We showed in [13] that the resulting k-arc regular cover of Kr+1 is
L−k(LkF∗) = L−k(K(r; k + 1)F∗) = Cay(Zkr+1o& Zk ; S);
where S = {fˆ i = (0; : : : ; 0; fi; 1)∈Zkr+1 o& Zk ; 16 i6 r}, & denotes the rotation
automorphism of Zkr+1 deGned as (x0; x1; : : : ; xk−1)&=(xk−1; x0; : : : ; xk−2), and, by abuse
of language, we still denote by & : Zk → Aut(Zkr+1) the group homomorphism &(i)=&i.
Fig. 4 shows the resulting digraph when r + 1 = 3 and k = 3, which has diameter 8,
girth 6, and which is exactly 3-arc regular.
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Fig. 4. 3-arc regular cover of K3.
This family of covers of Kr+1 corresponds to a particular case of the digraphs
Ck(v; s;)) introduced by Praeger [14], for s = k; v = r + 1 and ) = Kr+1. In [14]
it was proved by her that Cay(Zkr+1o& Zk ; S) has automorphism group isomorphic to
Skr+1o& Zk (or equivalently Sr+1KZk).
For each = (0; : : : ; k−1; i)∈Sr+1KZk and each (x0; : : : ; xk−1; j)∈Zkr+1o& Zk , the
action of  on the vertex set is deGned as
(x0; x1; : : : ; xk−1; j) = (x00 ; : : : ; x
k−1
k−1 ; j + i):
It clearly follows that Cay(Zkr+1o& Zk ; S) is exactly k-arc transitive.
Let us show some simple facts about these k-arc transitive covers of Kr+1.
Proposition 5. If k ¿ 1; k =Cay(Zkr+1o& Zk ; S) has girth 2k, diameter 3k − 1 and
has maximum vertex connectivity.
In particular, the girth and the diameter of these Cayley covers do not depend on
the degree or order of the original digraph.
Proof. Since k is vertex transitive it suSces to compute the shortest cycle containing
0=(0; 0; : : : ; 0; 0) and the maximum distance from 0 to compute the girth and diameter,
respectively.
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From its deGnition k is clearly a k-generalized cycle with blocks Zkr+1 × {i},
06 i6 k − 1. The vertices in k(0) are of the form (i0; i1; : : : ; ik−2; ik−1; 0), with
all ir ∈F , so that g(k)¿k. The vertices in 2k(0) = Fk × {0} are of the form
(i0 + j0; : : : ; ik−1 + jk−1; 0). Since F + F = Z2r+1, the girth is 2k.
By a similar remark,
⋃2k
i=1 
i(0) contains all vertices of the digraph except those of
the form (0; 0; : : : ; 0; j), 16 j6 k−1. Therefore, the diameter of the digraph is 3k−1.
Finally, for k ¿ 1 the digraph is arc transitive (and regular), and it follows from a
result by Hamidoune [10] that its vertex connectivity equals the degree.
If k=0; 1 the arc regular cover of Kr+1 turns out to be itself, and Kr+1 has diameter
1 and girth 2.
By applying the basic properties of line digraphs mentioned in Section 2, we can
obtain the corresponding results for the Cayley covers of Kr+1.
Corollary 6. Let K(r; k + 1)F∗ = L
k(k) be the Cayley cover of the Kautz digraph
K(r; k + 1) with the induced factorization F∗, for k ¿ 1. Then, it is a hamiltonian
digraph, has maximum connectivity, diameter 4k − 1, girth 2k and automorphism
group isomorphic to Sr+1KZk .
7. k-Arc transitive digraphs non-homomorphic to cycles
Directed cycles are clearly k-arc transitive for each k¿ 0. The lexicographic product
of a (k+1)-cycle with the null graph of r vertices gives a regular digraph of degree r
which is clearly exactly k-arc transitive. These are the so-called complete generalized
cycles. Therefore it is more interesting to look after diHerent examples of k-arc tran-
sitive digraphs. Most of the examples of k-arc transitive digraphs for large values of
k that we were able to produce in [13] and also the ones which can be found in the
literature, turn out to be homomorphic to cycles. A similar situation was encountered
by Cameron et al. [3] in the construction of inGnite locally Gnite highly arc transi-
tive digraphs (digraphs which are k-arc transitive for every positive integer k), which
turned out to be homomorphic to the inGnite two-way path. This poses the question
to Gnd examples which are non-homomorphic to paths or cycles. For the inGnite case
the problem has been recently completely solved, in the negative when the digraph has
unequal in- and out-degree, Praeger [15], and in the positive for the regular case [12].
We prove in this section that Gnite connected Cayley digraphs are homomorphic
to cycles if and only if there is a normal subgroup of the base group such that all
generators are contained in one of the cosets.
Theorem 7. A Anite connected Cayley digraph =Cay(G; S) is a generalized m-cycle
if and only if there is a normal subgroup H / G of index m such that S ⊂ Hs for
each s∈ S.
Proof. Suppose Grst that  is a generalized m-cycle and let  :V () → Zm be a
digraph homomorphism. We denote by {V0; : : : ; Vm−1} the stable sets of the associate
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partition of V , that is, Vi = −1(i); 06 i6m − 1. We may assume that the identity
element 1 of G belongs to V0.
We claim that H = V0 veriGes the required properties of the theorem.
Since  is a Cayley digraph, the elements in Vi are those in G which can be written
as products of length imodm of elements of S. In particular, H is a subgroup of
G. Moreover, if g∈Vi, then g−1 ∈Vm−i. Therefore, for each h∈V0 = H , we have
ghg−1 ∈V0 = H and H is a normal subgroup.
We are done if we prove that Hs = V1; ∀s∈ S. Let v∈V1. By deGnition of V1;
−(v) ⊂ V0. Since  is regular and S induces a factorization, for each s∈ S there
is a unique hs ∈H such that hss= v. Thus, v∈Hs for all v∈V1.
Suppose now that there is a normal subgroup H of G of index m such that S ⊂ Hs
for each s∈ S. Note that s∈H would imply S ⊂ H . Since H is a proper subgroup of
G, this contradicts the assumption that  is connected.
Let H =H0; H1; : : : ; Hm−1 be the diHerent right cosets of G with respect to H . There
is no loss of generality in assuming that the cosets are labeled in order that HiS ⊂ Hi+1.
This is always possible since all elements of S belong to the same right coset and S
generates G. Then the mapping  :V ()→ Zm deGned as (g) = i whenever g∈Hi is
easily seen to be a digraph homomorphism.
As an immediate corollary of Theorem 7 we have
Corollary 8. Let  be a connected regular digraph of order n¿ 5 and F a fac-
torization of G. If G = G(; F) =An then OF is non-homomorphic to a cycle. If
G = G(; F) =Sn then OF is either bipartite or non-homomorphic to a cycle.
Some of the Gnite examples obtained by Conder et al. [5] are instances of Cayley
digraphs of the alternating group or the symmetric group and thus they are either
bipartite or non-homomorphic to cycles. Some of the digraphs which we have described
in this paper are also non-homomorphic to cycles, namely the ones whose k-line digraph
is a Cayley digraph of the alternating or the M12 groups.
The k-arc transitive digraphs in [5, Theorem 1] are constructed in the following way:
Given the degree r of the desired graph 0 and any positive integer n relatively prime
to k + 1, deGne the permutations
a= (1; r + 1; : : : ; kr + 1; (k + 1)r + 1; : : : ; (k + 1)r + n)
· (2; r + 2; : : : ; kr + 2) · · · (r; 2r; (k + 1)r)
and
x1 = (1; 2; : : : ; r);
x2 = (r + 1; r + 2; : : : ; 2r);
...
xk+1 = (kr + 1; kr + 2; : : : ; (k + 1)r):
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6
Fig. 5. Graphical representation of {a; x1; x2; x3} when k = 2; r = 3 and n = 1.
It is proved in [5] that the group G generated by these permutations is either the
symmetric group S(k+1)r+n (unless both r and k+n−1 are odd) or the alternating group
A(k+1)r+n. Consider the Cayley digraph =Cay(G; S) where S={a; x1a; x21a; : : : ; xr−11 a}.
Now a Cayley digraph  = Cay(G; S) is a k-line digraph if and only if there is a
subgroup Hk ¡G of order rk such that Hk = xSk for some x∈ S−k [13, Corollary 7].
In our current example, let Hk be the subgroup generated by x2; : : : ; xk+1, which is
isomorphic to Zkr . For each y∈ Sk , it is easy to check that a−ky∈Hk . Therefore,  is
a k-line digraph and
r;k = L−kCay(G; {a; x1a; : : : ; xr−11 a})
is a r-regular k-arc transitive digraph (Fig. 5).
By Corollary 8,  is either non-homomorphic to a cycle or bipartite. On the other
hand, x1a is a cycle of odd length (k + 1)r + n unless both r and n are even, or n; r
and k + 1 are odd. Therefore, except possibly for these cases,  is non-homomorphic
to a cycle. It was shown in [13, Corollary 5] that Lk′ is a covering digraph of the
base digraph ′. Therefore, r;k is non-homomorphic to a cycle except possibly when
(k + 1)r + n is even. Hence, the digraphs r;k provide an inGnite family of k-arc
transitive digraphs of degree r which are non-homomorphic to a cycle.
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